ABSTRACT Many network technologies, including cellular, Wifi, and WiMAX, coexist in wireless networks. With the increasing demand on mobility-based network services on account of the popularity of smart devices, users expect network environments in which they can readily access the Internet at any time and place. An effective handover decision is necessary to provide users with continued services while they are mobile. Existing studies on handover have strived to improve the mobility of the object moving and communicating on the ground. However, a traditional handover decision is not suitable for a drone moving and communicating in 3-D space. Therefore, in this paper, parameters that represent the characteristics of drones communicating within 3-D space are defined, including speed limit and coverage. Using these parameters as input variables, a fuzzy inference method for the handover decision is proposed. A fuzzy inference system is composed of four steps. First, terminal-related information is analyzed to select the factors that can affect the drone handover decision. Second, the input data values are converted into membership functions. Third, the reasoning rules for the handover decision are designed and applied. Finally, the handover is decided by considering the current information of the drone. The computation of the number of handover decisions has shown that considering the terminal-related parameters and the network-related parameters has a positive effect on the handover decision.
I. INTRODUCTION
Owing to the appearance of various wireless networks and the rapid development of information and communication technology (ICT), global demand for the Internet of Things (IoT) is increasing [1] , [2] . IoT is defined as a wired or wireless network configuration among people, between a person and an object, or among objects. It creates new services by exchanging data about an individual object and its surrounding environment [3] - [6] . Various wireless standards-such as Wi-Fi, Bluetooth, and ZigBee-coexist in IoT environments to support communication services for all objects and users [7] . When various types of networks are used, the problem occurs of determining which network should be used. In a handover decision, various factors concerning the status and characteristics of the accessible networks and the current user must be comprehensively analyzed to select the network. This selection must also satisfy the conditions of efficient network usage and guarantee service quality. It is important to establish a more stable and efficient communication.
This can be achieved through the handover decision between heterogeneous wireless networks, in which the handover timing must be considered. Several factors must be considered when selecting this timing. Various methods have been studied for the handover decision [8] , [9] .
One factor is a handover decision approach based on the received signal strength (RSS). The strength of the signal received from each wireless network access point is continuously measured, and handover is determined by comparing these values with an RSS threshold that is set in advance. Thus, the transfer occurs from the original wireless networks to a new one when the RSS of the latter becomes stronger. On the other hand, the handover between cellular networks is used to maintain the connection when the signal weakens as the coverage deviates [10] .
Another factor for consideration is the handover decision method based on available bandwidth. This method determines the handover according to the bandwidth that each available wireless network can provide. Handover is FIGURE 1. Handover procedure. MOB NBR-ADV = mobile neighbor advertisement control; MOB SCN-REQ = mobile scanning request; MOB SCN-RSP = mobile scanning response; RNG-REQ = ranging request; RNG-RSP = ranging response; MOB MSHO-REQ = mobile station handover request; MOB BSHO-RSP = mobile base station handover response [15] .
performed with the wireless network having the highest available bandwidth, as calculated from the RSS, channel condition, signal-to-interference-plus-noise ratio (SINR), network load, and other factors [11] .
Handover technologies based on existing mobile devices have been researched by considering various factors that influence the communication environment (e.g., transfer rate, processing rate, frequency, signal strength, etc.). However, a traditional handover determination is not suitable for mobile IoT devices such as drones. In this paper, an approach is presented in which the estimation level for the drone handover decision is determined by supplying a fuzzy inference system. Terminal-related parameters, such as RSS, altitude, and speed, are applied to determine the drone handover. The remainder of this paper is organized as follows. In Section II, the handover procedure and fuzzy inference system are introduced. The handover decision method for drones is described in Section III. In Section IV, the simulation results of the proposed method are presented. Section V concludes the paper.
II. RELATED WORK A. HANDOVER PROCEDURE
A handover is often viewed as the procedure of moving to a nearby base station to maintain a connection when the received signal deteriorates at the coverage boundary of the original base station.
However, a handover between heterogeneous networks is a process of selecting the optimum wireless network at a given moment, rather than merely maintaining a connection. Handover and the selection of radio access technologies are required in that case. A handover takes place through three key steps [12] . Firstly, network information is collected in the handover information gathering step. This includes the types, statuses, and RSS of the available wireless networks, as well as terminal/user-related information, such as terminal power consumption, rate, user preference, and security. Secondly, the handover timing and target wireless network are selected in the handover decision step. Finally, the transfer to the new wireless network occurs in the handover execution step.
The selection of the target wireless network is the key part of this handover process. The handover procedure is illustrated in Fig. 1 . The procedure can be divided into the following steps: handover triggering, scanning/ranging, handover indication/initiation, and network re-entry [13] , [14] .
1) PHASE 1: HANDOVER TRIGGER
The base station periodically broadcasts a mobile neighbor advertisement control (MOB NBR-ADV) message, including its own radio channel and MAC address information. The mobile node that receives the message recognizes the neighbor base stations and initiates the handover process.
2) PHASE 2: SCANNING/RANGING
The mobile station scans for neighbor base stations and sequentially performs channel synchronization and arranging procedures. First, the mobile station transmits a mobile VOLUME 5, 2017 scanning request (MOB SCN-REQ) message, including the target base station list, to the serving base station [15] . The latter replies with a mobile scanning response (MOB SCN-RSP) message to allocate a search period to the mobile station. After completing channel synchronization with the neighbor base stations, the mobile station employs several ranging request (RNG-REQ) messages and ranging response (RNG-RSP) messages to exchange parameters, such as transmission power.
3) PHASE 3: HANDOVER DECISION/INITIATION
The handover decision and initiation can be initiated via a mobile station handover request (MOB MSHO-REQ) message or a mobile base station handover response (MOB BSHO-RSP) message [16] .
4) PHASE 4: NETWORK RE-ENTRY
After the physical parameter ranging process is complete, a network re-entry process is initiated to establish a connection between the mobile station and base station. In general, negotiation, authentication, and registration are included in this process. After completing the network re-entry, packet transmission is resumed through a new channel.
B. FUZZY INFERENCE SYSTEM
The term ''fuzzy'' means hazy or vague. Thus, fuzzy theory is a theory that aims to express vague human language as computer language. Professor Lofti A. Zadeh at the University of California, Berkeley published the first paper on fuzzy sets [17] . Fuzzy sets expand binary logic, which determines that a proposition is either true or false. To this end, the concept of fuzzy logic is used to examine the truth value between zero and one [17] . In fuzzy logic, each element indicates the degree to which it belongs to a set. This is termed a membership value and is expressed as a real number between zero and one, where one denotes that an element completely belongs to a set, and zero denotes that an element does not belong to the set. A fuzzy inference system is appropriate when expressing language variables based on membership functions and rules. It thus can control complex nonlinear systems [18] . . 2 shows the structure of a fuzzy system. A fuzzy system is divided into the following three parts: a fuzzifier, fuzzy inference engine, and defuzzifier. When an input variable enters the fuzzifier, it is converted into a value between zero and one and is sent to the fuzzy inference engine [19] . The fuzzy inference engine performs an inference process based on fuzzy rules, and the results are sent to the defuzzifier that produces an output variable appropriate for the actual system. Fuzzification is the process of converting a crisp input value into a linguistic variable and a membership value based on the membership function. A fuzzy set A in a whole set U is defined as an ordered pair as follows (1) [20] :
Where µ A (x) denotes the membership function of the fuzzy set A that maps the members of the whole set U to each membership value. Fuzzy rules in a fuzzy inference system are based on the introduction of fuzzy sets to the antecedent and consequent of if-then clauses to perform the inference. Specialized knowledge is expressed by several fuzzy if-then rules (If x is A, then y is B). Specifically, A and B are linguistic values defined by the fuzzy set. The 'If' part is termed the antecedent; 'Then' part is deemed the consequent [21] . Multiple input data parameters are expressed as input membership values after fuzzification. Additionally, a crisp value is acquired by defuzzification, which integrates all output fuzzy sets into a single fuzzy set based on the fuzzy rule inference. Equation (2) is a common method of defuzzification to acquire the center of area(CoA) of the output membership function [22] .
The fuzzy inference system involves two main advantages. First, it processes abstract concepts, such as human languages and thoughts. Second, it allows for modeling input output relations without understanding their physical meanings.
Various fuzzy-based methods for have been studied for the vertical handover decision. Ali and Celal [23] proposed a fuzzy-based vertical handover algorithm that optimizes the number of handovers using the RSS, usage cost, and data rate as the handover decision parameters. Their results showed that the proposed algorithm could dramatically reduce the total number of handovers. Kantubukta et al. [24] proposed a quality of service (QoS)-aware vertical handoff algorithm using fuzzy rules. Their system was presented to be effectively applied for different applications. Until now, conventional handover decision methods have been unable to reflect the properties of drone moving and communicating in 3D space. Therefore, a handover decision that can consider the mobility of drones is proposed in this paper.
III. OVERVIEW OF PROPOSED HANDOVER DECISION PROCEDURE
This section describes an approach for an intelligent handover decision for drones. Inference on the handover decision is performed by applying inference rules that are designed on the basis of requirements for the handover decision by using network and terminal related parameters. The core of the intelligent handover decision system is a fuzzy inference procedure that compares various parameters to determine the handover [25] . Each parameter range specifies the standards for judging the estimation level, thereby providing appropriate responses for the drone. Fig. 3 shows the overall proposed system diagram of the handover decision procedure using fuzzy inference system.
The handover information-gathering layer is a process of collecting the information that is required in the handover. Network information includes the types, statuses, and RSS of the available wireless networks, as well as the terminal information, which includes the terminal power consumption, rate, user preference, and security. This information can be independently collected by terminals or through base stations, and it can also be exchanged between the terminals and base stations. In this study, altitude, speed, and RSS are defined as the input variables of the handover decision.
In the knowledge-acquisition layer, the inference is modeled based on the range of RSS, altitude, and speed parameters defined as handover decision parameters. The range of output membership functions that determine the estimation level for the handover decision is modeled. In the handover process, the terminal determines whether to maintain the current base station or move to the new base station [26] . In this study, the handover decision depends on various parameters, which can be divided into two groups. In the first group, the network related parameters considered are the radius, coverage, and RSS. In the second group, the terminal-related parameters considered are the location information (altitude) and speed.
In the fuzzy-reasoning layer, the measured network and terminal information is fuzzified and converted into input membership function values. Defuzzification is performed on all the output membership function values that are produced by the fuzzy rule, which was designed based on the handover decision parameters. This is performed to obtain a single output from which the estimation level is predicted.
A. INPUT VARIABLES OF FUZZY INFERENCE SYSTEM FOR HANDOVER DECISION 1) COMMUNICATION COVERAGE
Communication coverage refers to the wireless network transmission coverage. As the coverage decreases, the strength of the reception signal increases. Based on this property, the RSS can be determined using the altitude information. In the handover process, the terminal determines whether to maintain the current base station or switch to the new base station. The traditional handover decision algorithms do not apply to drones with different altitudes in 3D space [27] , [28] . Therefore, the coverage of a base station for drones can be obtained using the following equation:
As shown in Fig. 4 , R denotes the radius of a base station, A represents the altitude of the drone, and d is the radius of base station's coverage in 3D space. The handover decision is the task of switching networks when the connectivity between the drone and base station extend beyond the coverage. The relation between the radius and altitude is shown in (4) in terms of the drone coverage range. 
2) SPEED LIMIT OF DRONE
Currently, a number of network technologies, such as cellular, Wifi, and WiMAX, coexist in wireless networks. Furthermore, with the increasing demand on mobility-based network services owing to the popularity of smart devices, users expect network environments in which they can readily access the Internet at any time and place. In particular, handover occurs more frequently for drones that communicate while moving at a fast speed than general user equipment. Frequent handovers cause many problems, such as packet losses, power consumption, and connection delays.
To address these problems, an optimized network selection scheme is proposed for the handover decision considering the drone speed.
The further is the distance between the base station and terminal, the lower is the RSS of the base station. Therefore, from the point when the RSS is lower than a certain reference value, δ, the handover enters the preparation stage for its execution [29] . Equation (5), which represents the relationship between the speeds of the terminal and base station, is used to calculate the speed limit, α. At the current location, ω refers to RSS. Equation (6) represents the speed limit range for the drone.
B. PROPOSED INTELLIGENT HANDOVER DECISION MODEL 1) FUZZIFICATION OF DECISION PARAMETERS
Fuzzification is the process of converting a crisp input value into a linguistic variable and a membership value based on membership function. In this section, we describe the fuzzification for the handover decision. The value of input variables is normalized on a scale 0 to 1. and the normalization process is as follows: (i) The ranges of value of each individual decision parameter are pre-defined.
(ii) For each individual decision parameter, N max is the maximum value of the corresponding range.
InputVariable norm = N Current N max (7) where N current is the current value of the individual decision parameters of each wireless networking environment. The normalized ranges of the input variables are shown in Table I . The linguistic variables of coverage are composed of three fuzzy sets: high, average, and low. The linguistic variables of the speed limit are composed of two fuzzy sets: high and low. 
2) RULES-BASED HANDOVER DECISION
Inference generally derives new knowledge from existing knowledge. Here, an inference rule is designed based on the handover decision parameters for drones. The fuzzy reasoning layer controls the estimation and handover decision through the fuzzy inference of conditions. Table II shows the rule of the drone handover decision based on fuzzy inference. Therefore, the estimation level is inferred for the handover decision, and a suitable service is provided to the user. 
3) DEFUZZIFICATION FOR THE HANDOVER DECISION
In this section, we describe the defuzzification process for converting a fuzzified output variable into a crisp value to be used to judge the handover decision. There are various methods of defuzzification. Among these, the CoA is mainly used. In this study, CoA is adapted as the defuzzification method.
A crisp output value is obtained through defuzzification. Through this procedure, the estimation level can be judged for a handover decision. Table III shows the range of output membership functions used to judge the handover decision. 
IV. SIMULATION RESULT AND DISCUSSION
In this study, a scan process for the terminal communication transfer to other networks during the overall handover process was not considered. Rather, the proposed handover decision method was performed when a corresponding terminal required a handover. A fuzzy inference system was used to simulate the proposed system. In the fuzzy inference system, inference processing was based on the Matlab fuzzy logic toolbox. Three base stations and one terminal were used, and two methods of random movement and straight-line movement were used to measure and evaluate their handover trial times. The routes and directions of movement were created using Matlab, and 100 simulations were run for each movement method. Table IV shows the parameters used in the simulation. The drone was given handover information through inferences based on fuzzy rules. The terminal information of the drone collected by the ''Flight Data Manager'' was used as input values. A. SIMULATION RESULT Table V shows the results of the traditional handover method and proposed method based on terminal and network related parameters. The handover number was obtained in accordance with coverage and speed limit. As an example, it was considered that the input value of the current context information of the speed limit and coverage was 140 and 20, respectively. By entering these values in the fuzzy inference system, the output values obtained for the estimation level were high, moderate, and low. From the above example, the output value of the estimation level was 0.915. After performing inference on all networks around the drone, the highest-valued network was selected. To compare the performance of the suggested method, the handover trial times were calculated for each terminal movement method (random or straight) and the handover decision method. The results showed that the handover decision method incorporating the terminal network parameter performed better than the conventional method.
B. DISCUSSION
The aforementioned results help confirm a direct relationship between the input variables and handover times. Since the conventional method did not consider the drone context information (altitude, speed, etc.), the actual performance could be expected to be even lower. In addition, the following connection failure probability could help confirm the effects of altitude and speed on the handover. As shown in Fig. 5 , P d is the ratio of the area that corresponds to the base station area only out of the entire area where a terminal can move for T . Letting the maximum transport speed of terminal Speed max , the maximum distance that the terminal can travel for T becomes d h = Speed max * T and the area where the terminal can be located for T becomes the inside of a circle with a center of P and radius of d h . Therefore, P d can be obtained based on (8)- (13) . 
The larger d is, the lower is the probability that the device will leave the base station area for period T , which decreases P d accordingly. In addition, If the altitude and/or speed changes, P d cannot be maintained below a desired value unless RSS changes. As shown in Fig. 6 , to satisfy the expression P d = 0.1, if T = 1 s, a handover is supposed to occur at a location when dis 35 m. However, if T = 0.5 s, a handover can occur at a location when d is 11 m. However, if RSS is set at a location corresponding to 11 m and T = 1 s, P d increases to 0.29, which increases the probability that it will be unable to provide a continuous service in the event of a handover. Therefore, if it is desired to maintain P d below a certain value, a method of setting the distance should be considered at which a handover begins to occur based on the maximum transport speed of a device.
V. CONCLUSION
In this paper, a handover decision method of a drone-the representative device in the IoT environment of this study-was presented. The method considers altitude, speed, and RSS, all of which affect the drone communication. These are used as the input variables of a fuzzy inference system, which is the basis of our drone-suitable handover decision. Reasoning rules are designed considering logical relationships based on the handover decision parameters. The fuzzy inference system is suitable for reasoning based on nonlinear data, such as network and terminal information. The presented fuzzy inference system is composed of four steps. In the first step, terminal related information is analyzed to select the factors that can affect the drone handover decision. In the second fuzzification step, the input data values are converted into membership functions. In the third step, the reasoning rules for the handover decision are designed and applied. Lastly, in the defuzzification step, the handover is decided by considering the current information of the drone. The present study designed a fuzzy inference rule that induced handover to the WiMAX network, which was proven suitable in previous studies for communication environments of drones. Hence, the handover probability was investigated to prove that specific factors, such as altitude and speed, can influence the handover of drones. Our future studies will investigate ways to improve the functions of the handover decision for various devices, such as connected cars, wearable devices, etc. This will be achieved by using the parameters obtained from the analysis of IoT environmental factors.
